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WKH PDWHULDO GXH WR VHYHUH SODVWLF GHIRUPDWLRQ DQG WKH SURFHVV GRHV QRW SURGXFH DQ\ GHOHWHULRXV JDV PDWHULDO
GLVWRUWLRQ3XUHFRSSHU LVXVHG LQPDQ\ LQGXVWULDO DSSOLFDWLRQVGXH WR LWVKLJK WKHUPDODQGHOHFWULFDOFRQGXFWLYLW\




DOXPLQD LVQRW LQVROXEOH LQ WKHFRSSHUPDWUL[ LWVRULJLQDO SDUWLFOH VL]HQRU VSDFLQJ LV QHLWKHUDOWHUHGHYHQDWKLJK
WHPSHUDWXUH7KLV FKDUDFWHULVWLF RI DOXPLQDPDNHV WKH VWUHQJWK DQG FRQGXFWLYLW\RI WKH UHVXOWLQJ FRPSRVLWH VWDEOH
HYHQ DW HOHYDWHG WHPSHUDWXUH 6KRMLUR 2  &X$O2 FRPSRVLWHV &$6&V DUH ZLGHO\ XVHG LQ ZHOGLQJ DV
HOHFWURGHVKHDWH[FKDQJHUVURWDWLQJVRXUFHQHXWURQWDUJHWVDQGURFNHWQR]]OHV*UR]D-5	*LEHOLQJ-&
6XQ <)	 )XMLL  KDYH IDEULFDWHG &X6L& VXUIDFH FRPSRVLWH YLD )63 LQ RQH DQG WZR SDVVHV WKH MRLQWV
SURFHVVHGDIWHUWZRSDVVHVUHVXOWHGLQDSDUWLFOHULFKDQG IUHHUHJLRQIRUPHGLQWKHVWLU]RQH6=WKHSDUWLFOHULFK
UHJLRQ FRQVLVWV RI UHILQHG JUDLQ VWUXFWXUH GXH WR WKH 6L& SDUWLFOHV 6L&S VWLPXODWHG QXFOHDWLRQ LQ WKH G\QDPLF
UHFU\VWDOOL]DWLRQ'5;RIFRSSHUGXULQJWKH)63SURFHVV%DUPRX]0HWDO IDEULFDWHGWKH&X6L&VXUIDFH
FRPSRVLWHVYLD)63ZLWKPDQGQP6L&SE\YDU\LQJWKHYROXPHIUDFWLRQ)URPWKHUHVXOWLWLVREVHUYHGWKDW
WKH )63RISXUHFRSSHUZLWK6L&S WKHWHQVLOHSURSHUWLHVRIWKHVXUIDFHFRPSRVLWHVZHUHVOLJKWO\ORZHUWKDQWKH EDVH
PHWDO ZKHUH DV IRU )63 RI SXUH FRSSHUZLWKRXW SRZGHU UHLQIRUFHPHQW WKHUH ZDV DQ LQFUHPHQW LQ SHUFHQWDJH RI
HORQJDWLRQDQGGHFUHDVHLQWHQVLOH VWUHQJWK0RULVDGD<HWDOIDEULFDWHG$=6L&VXUIDFHFRPSRVLWHYLD
)63 7KH\ IRXQG WKDW WKH PLFURKDUGQHVV RI WKH 6= ZLWK WKH 6L&S LQFUHDVHV 0DKPRXG (5, HW DO 
SURGXFHG $$ EDVHG 00& UHLQIRUFHG ZLWK 6L&S XVLQJ )63 7KH VWXG\ ZDV IRFXVHG RQ WKH HIIHFW RI WRRO
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JHRPHWU\ DQG SURFHVVLQJ SDUDPHWHUV VXFK DV WRRO URWDWLRQ DQG WUDYHO VSHHGV0RGLILHG VXUIDFH FRPSRVLWHV ZHUH
REWDLQHGKRZHYHUWKHUHZHUHVLJQLILFDQWFKDQQHOOLNHGHIHFWVWKDWGHWHULRUDWHWKHVXUIDFHVDQGSUHFOXGHLWVLQGXVWULDO








LQ WKH DGYDQFLQJ VLGH ZKLFK LV  PP IDU DZD\ IURP WKH FHQWUH OLQH RI WKH WRRO URWDWLRQ RQ WKH FRSSHU SODWH





OHYHO RI PHFKDQLFDO SURSHUWLHV ZHUH WDNHQ DV  USP DQG  PPPLQ UHVSHFWLYHO\ .XPDU$	 6XYDUQD
5DMX/  0HFKDQLFDO SURSHUWLHV RI WKH EDVH PHWDO %0 DUH SUHVHQWHG LQ 7DEOH  + WRRO VWHHO ZLWK
VKRXOGHUGLDPHWHUVTXDUHSLQGLDPHWHUDQG OHQJWKRI WKHSLQDUHFRQVLGHUHGDVDQGPPUHVSHFWLYHO\7KH
VSHFLPHQV ZHUH FODPSHG RQ WR EDFNLQJ SODWH DQG IL[HG E\ WKH EROWV 6LQJOH SDVV )63ZDV XVHG WR IDEULFDWH WKH
&$6&VZKLFKDUHVKRZQLQ)LJ
)LJ6FKHPDWLFGLDJUDPRI)63
$IWHU )63 PLFURVWUXFWXUDO REVHUYDWLRQV ZHUH FDUULHG RXW DW WKH FURVV VHFWLRQ RI 6= RI WKH VXUIDFH FRPSRVLWHV
QRUPDOWRWKH)63GLUHFWLRQPHFKDQLFDOO\SROLVKHGDQGHWFKHGZLWKPOGLVWLOOHGZDWHUPO+&ODQGJIHUULF
FKORULGH0LFURVWUXFWXUH FKDQJHVZHUH REVHUYHG E\ RSWLFDOPLFURVFRSH LQ WKH 6= 7KH WHQVLOH VSHFLPHQVZHUH
SUHSDUHGE\ :LUHFXW(OHFWULFDO'LVFKDUJH0DFKLQHWRWKHUHTXLUHGGLPHQVLRQVZKLFKLVQRUPDOWRWKH)63GLUHFWLRQ
)LJ 6XUIDFHPRUSKRORJLHV RI WKH
&$6&V PDGH ZLWK GLIIHUHQW YROXPH
SHUFHQWDJHVDEF
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7KH WHQVLOH WHVWZDV FRQGXFWHGZLWK WKH KHOS RI D FRPSXWHU FRQWUROOHG XQLYHUVDO WHVWLQJPDFKLQH DW D FURVV KHDG
VSHHG RI PPPLQ 6LPLODUO\ WKH LPSDFW VSHFLPHQV ZHUH WDNHQ LQ WUDQVYHUVH WR WKH SURFHVVLQJ GLUHFWLRQ 7KH
FKDUS\µ9¶QRWFKLPSDFWWHVWZDVFDUULHGRXWXVLQJSHQGXOXPW\SHLPSDFWWHVWLQJPDFKLQHDWURRPWHPSHUDWXUH7KH




0LFURKDUGQHVV WHVWZDVFDUULHGRXWE\XVLQJ9LFNHUV GLJLWDOPLFURKDUGQHVV WHVWHU 0RGHO$XWRJUDSK0DNH










)63UHVXOWHG LQJHQHUDWLRQRID UHFU\VWDOOL]HGHTXLD[HGPLFURVWUXFWXUHZKLFK LVGXH WR WKHRFFXUUHQFHRIG\QDPLF
UHFU\VWDOOL]DWLRQ'5;VKDILHL=DUJKDQL$HWDO ,WFDQEHVHHQWKDWLQWKH)63HGVSHFLPHQVZLWK$O2S
WKHSLQQLQJHIIHFWRI$O2SUHGXFHVWKHJUDLQVL]HLQWKHSURFHVVHG]RQH 7KLVPD\EHGXHWRWKHXQLIRUPGLVSHUVLRQ
RI $O2S LQ WKH SURFHVVHG ]RQH ZKLFK HQKDQFHV WKH SLQQLQJ HIIHFW RI $O2 SDUWLFOHV LQ WKH 6= 7KH 6(0
PLFURJUDSKVRI$O2SDIWHURQHSDVV)63DUHVKRZQLQ)LJ ,WLVIRXQGWKDWWKHVL]HRIWKHUHLQIRUFHGSDUWLFOHVZDV
UHGXFHGLQVL]HLHDSSUR[LPDWHO\PWKDQWKHDVUHFHLYHGSDUWLFOH7KLVPD\EHGXHWRWKHWRROZKLFKSURYLGHV




FRSSHU     
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 0HFKDQLFDOSURSHUWLHV
0LFURKDUGQHVV WHVWV DQG WHQVLOH WHVWV ZHUH FRQGXFWHG WR HYDOXDWH WKH KDUGQHVV GLVWULEXWLRQV DQG WHQVLOH
VWUHQJWK RIWKHVXUIDFHFRPSRVLWHV$WHDFKFRQGLWLRQWKUHHVSHFLPHQVZHUHWHVWHGDQGDYHUDJHRIWKHUHVXOWVRIWKUHH
VSHFLPHQVLVSUHVHQWHG7KHSURFHVVLQJSDUDPHWHUVDQGWRROGLPHQVLRQVXVHGWRIDEULFDWH YLD )63DUHSUHVHQWHGLQ
7DEOH  0LFURKDUGQHVV VXUYH\ ZDV PHDVXUHG RQ WKH )63HG VDPSOHV DFURVV WKH WUDQVYHUVH FURVVVHFWLRQ RI WKH
VXUIDFH &$6&V DQG DUH SUHVHQWHG LQ )LJ  7KH DYHUDJH KDUGQHVV RI PDWUL[ PDWHULDO LV  +9  7KH KLJKHVW
KDUGQHVVYDOXHRI+9KDYHEHHQREVHUYHGLQWKH6=IRUWKHVDPSOHSURFHVVHGDWWKHKLJKHVWYROXPHSHUFHQWDJH
,W LV REVHUYHG WKDW KDUGQHVV LQFUHDVHV ZLWK LQFUHDVHG YROXPH RI $O2S LQ WKH 6= LW LV GXH WR WKH SUHVHQFH DQG
SLQQLQJ HIIHFW RI KDUG$O2S  'HYDUDMX$	 .XPDU$ 7KHSUHVHQFHRI$O2S LV FRQVLGHUHG IRUPRUH
HIIHFWLYHIRUPDWLRQRIILQHJUDLQVWUXFWXUHGXHWRWKHFRQWLQXRXV'5;
7KHWHQVLOHSURSHUWLHVVXFKDV876<6DQG(/DUH SUHVHQWHGLQ7DEOH 7KHLQFUHDVHLQ876DQG<6RIWKH
VXUIDFH FRPSRVLWHV LV DFFRPSDQLHG E\ D GHFUHDVH LQ GXFWLOLW\ ZLWK LQFUHDVH LQ YROXPH IUDFWLRQ RI WKH $O2S
.KHGHU, $5, HWDO 7KHLQFUHDVHG876RIWKHVXUIDFHFRPSRVLWHVRYHUWKHSXUHFRSSHUPDWUL[LVGXHWRWKH
JUDLQ UHILQHPHQW RI FRSSHU LQ WKH VXUIDFH FRPSRVLWHZKLFK FDQ EH UHODWHG WR WKH LQWHUDFWLRQ EHWZHHQ WKH SRZGHU
SDUWLFOHV DQG GLVORFDWLRQV ZLWKLQ WKH PDWUL[ ,W LV DOVR REVHUYHG WKDW WKHUH LV DQ LQFUHDVH LQ WKH MRLQW HIILFLHQF\
>XOWLPDWH WHQVLOH VWUHQJWK RI WKH ZHOG  XOWLPDWH WHQVLOH VWUHQJWK RI WKH EDVH PHWDO@ ;  ZLWK LQFUHDVH LQ WKH
DGGLWLRQ RI$O2 UHLQIRUFHPHQW SDUWLFOHV 7KLV LV GXH WR LQFUHDVH LQ WKH UHFU\VWDOOL]DWLRQ WHPSHUDWXUH E\ SLQQLQJ
JUDLQERXQGDULHVRIWKHFRSSHUPDWUL[DQGEORFNLQJWKHPRYHPHQWRIGLVORFDWLRQVDQGWKXVLPSURYLQJ WKH VWUHQJWKDW
HOHYDWHGWHPSHUDWXUH/LDQJD6 HWDO 7KHHORQJDWLRQRIWKHIULFWLRQVWLUSURFHVVHG)63HGVSHFLPHQVZLWK
WKHDGGLWLRQ$O2S ZHUHUHGXFHGDVFRPSDUHGWRWKHSXUHFRSSHU %DUPRX]0 HWDO 7KLVPD\EHGXHWR
LQFUHDVH LQ YROXPH SHUFHQWDJH RI UHLQIRUFHG SDUWLFOHV ZKLFK LQFUHDVHV WKH HIIHFWLYH VOLS GLVWDQFH RI GLVORFDWLRQV
)LJ0LFURKDUGQHVV GLVWULEXWLRQRI)63VDPSOHVIRUGLIIHUHQWYROXPHSHUFHQWDJHVDQGDQG
WKHEDVHPHWDO
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GXULQJ WKH GHIRUPDWLRQ ,PSDFW WRXJKQHVV RI WKH &$6&V ZDV HYDOXDWHG ZLWK GLIIHUHQW YROXPH IUDFWLRQ RI WKH




7DEOH0HFKDQLFDOSURSHUWLHVRIFRSSHU  $O2 VXUIDFHFRPSRVLWHV
)UDFWRJUDSK\
7KH WHQVLOH DQG LPSDFW IUDFWXUH VXUIDFH RI WKH %0 DQG )63HG VDPSOHV PDGH DW GLIIHUHQW YROXPH
SHUFHQWDJHVVXFKDV DQG UHVSHFWLYHO\ZHUHVWXGLHGXVLQJ6(0WRXQGHUVWDQGWKHPRGHRIIDLOXUHDQG
WKH UHVXOWVDUHSUHVHQWHGLQ)LJ DQG )LJ UHVSHFWLYHO\7KHIUDFWXUHGVXUIDFHRIWKH%0IDLOHGLQDGXFWLOHPDQQHU
E\ WKHPLFURYRLGFRDOHVFHQFHPHFKDQLVPZKLFKVKRZV ILQHGLPSOH VWUXFWXUHDW WKH IUDFWXUHGVXUIDFHRI WKH%0
7KHWHQVLOHDQGLPSDFWIUDFWXUHVXUIDFHVRI)63HGVDPSOHV REWDLQHG DW KLJKHUYROXPHSHUFHQWDJH LH VKRZV
GXFWLOHIUDFWXUHDVFRPSDUHGWR  DQG 7KLVPD\EHGXHWRWKHSUHVHQFHRIPDQ\ILQHYRLGVDQGGLPSOHVIRUPHG
DW IUDFWXUHG VXUIDFHV LQ ZKLFK WKH JUDLQ VL]H LV ILQHU IRU )63HG VSHFLPHQ PDGH DW RSWLPXP FRQGLWLRQ )UDFWXUH
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&RQFOXVLRQV
PHFKDQLFDO 7KH LQIOXHQFH RI UHLQIRUFHPHQW SDUWLFOHV YDU\LQJ WKH YROXPH SHUFHQWDJH RI $O2S RQ
PLFURVWUXFWXUH DQG SURSHUWLHV RI &X$O2 VXUIDFH FRPSRVLWHV IDEULFDWHG YLD )63 ZHUH LQYHVWLJDWHG DQG WKH
IROORZLQJFRQFOXVLRQV ZHUHGUDZQ







 6HYHUH SODVWLF GHIRUPDWLRQ DQG IULFWLRQDO KHDWLQJ LQ WKH 6= GXULQJ )63 UHVXOWHG LQ JHQHUDWLRQ RI D
UHFU\VWDOOL]HGHTXLD[HGPLFURVWUXFWXUHZKLFKLVGXHWRWKHRFFXUUHQFHRI'5;
 7KH WHQVLOHDQG LPSDFW IUDFWXUH VXUIDFHVRI)63HGVDPSOHVPDGHDWKLJKHUYROXPHSHUFHQWDJH LH
VKRZVGXFWLOH IUDFWXUH DV FRPSDUHG WRRWKHU YROXPHSHUFHQWDJHV VXFK DVDQG 7KLV LV GXH WR WKH
SUHVHQFH RI ILQH HTXLD[HG JUDLQV ZKLFK UHVXOWHG LQ WKH IRUPDWLRQ RI ILQH YRLGV DQG GLPSOHV DW IUDFWXUHG
VXUIDFHV
$FNQRZOHGJHPHQWV
7KHDXWKRUVZRXOG OLNH WR WKDQN WKHDXWKRULWLHVRI1DWLRQDO ,QVWLWXWHRI7HFKQRORJ\ 1,7:DUDQJDO 'HIHQVH
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